INTRODUCTION
The importance of microenvironment and metabolic compartmentation in biological systems is now well established (Dietschy, 1978) .
With regard to the intracellular milieu, the diffusion barriers affecting the movement of solute molecules and the microenvironmental effects due to enzyme aggregates and their spatial organization when associated with intracellular membranes may play a prominent role in enzyme kinetics. Different approaches to studying these phenomena have been reported in the literature.
Some attempts have been made by different groups to simulate metabolite-transport processes with artificial membranes. Such approaches have been based mainly on theoretical and ideal considerations with enzyme molecules homogeneously embedded within the matrix (Goldman et al., 1968) . Only in a few cases have experiments been performed with inert layers associated with catalytic ones or with enzymes reticulated on one or both sides (Broun et al., 1970; Bunow & Caplan, 1984) . In the most elaborate approach, a structured multilayer bienzyme membrane was used to perform glucose active transport (Selegny et al., 1971) . Unless otherwise stated, the experiments reported were generally conducted with membranes separating identical compartments in uniformly stirred diffusion cells.
Bearing in mind the natural asymmetry of most biological compartments, and not forgetting that, in vivo, situations appear far more complex, we have developed a model with a covalent immobilization technique which makes it possible to obtain a surface binding of enzymes on only one side of a porous membrane. Furthermore, a specially designed diffusion cell with two compartments ofwidelydifferentvolumesandequippedwithindependent stirring systems, separated by the enzymic membrane, allowed us to study how the product of reaction generated at the enzymic surface level is distributed on both sides . With The anodic current obtained was proportional to H202 concentration. The overall enzyme activity was expressed by the total amount of H202 produced in the two compartments per unit time for the total enzymic area (=7T cm2). THEORY Classically, when a reaction due to a surface-bound enzyme occurs, the consumption of substrate and its transport from the bulk phase (also referred to as ' macroenvironment') to the microenvironment take place consecutively. At steady state, both proceed at the same rate. The resulting layer, in which a gradient for both substrate and product is established, is called the 'boundary layer' or 'diffusion layer'. The profile of gradients occurring in this boundary layer is dependent on the enzyme activity and on hydrodynamic conditions. The product tends to accumulate to a certain extent in the microenvironment and then is transported across the diffusion layer to reach the bulk phase. Fig. 1 Table 1 .) When the enzyme is working, the product flux generated at the enzyme level splits both through the diffusion layer to reach the bulk phase of Compartment II and, simultaneously, through the membrane to reach Compartment I.
The present model differs from that previously published in that the bound enzyme is here facing the larger compartment (side II). The role of the boundary layer is now explicitly defined and the diffusion resistance for the product is split into two terms, Rm,p and Rp p In order to simplify the mathematical analysis of the model system, the following assumptions were made: (a) the thickness of the enzyme layer is negligible compared with the membrane thickness; (b) the activity of the bound enzyme remains constant with time; (c) no product inhibition is exerted on the enzyme reaction; (d) the flow of substrate and product is perpendicular to the surface of the membrane; (e) the pH of the system does not vary with time. (f) the enzyme membrane is electrically neutral and no interaction exists between the membrane and the product; (g) at steady state the amount of product existing in the boundary layer and in the membrane is negligible compared with the total amount in Compartments I and II. Assuming that the product distribution conforms to Fick's first law, it follows that: r = R (Po,t PI,t)+RI (Po,t PII,t) (3)
The new parameters introduced Po0t and Rm,p are respectively the product concentration at the enzyme level and the membrane resistance to the product reaching the receptor compartment, i.e. d/(DpAW), where d represents the membrane thickness, Dp the product diffusivity and Aw the effective membrane pore area.
Ra,p is the unstirred layer resistance to the product reaching the donor compartment, i.e. 8/(DPA), 6 and A being respectively the thickness ofthe boundary layer and the membrane area.
Introducing Pj,t from eqn. (2) 
Knowing all the parameters of the system (VI, VI,, VT, Ra,p, Rm,p), eqns. (6) and (7) make it possible to draw the theoretical curves of the product concentration versus time in both compartments for a given value, of r.
RESULTS AND DISCUSSION
The validity of the model was tested experimentally by using a flat and porous collagen membrane bearing glucose oxidase covalently immobilized on only one side of the membrane.
This enzyme was chosen because one of the products (H202) is very easy to detect electrochemically at a very low level ( 1 nM), allowing its detection in the early stages of the reaction.
Two sets of experiments were conducted with the asymmetric diffusion cell previously decribed (see the Experimental section): the first one with a low substrate concentration of glucose (2.5 mM) compared with the Km value for glucose (33 mM), and the second one with a high substrate concentration of glucose (380 mM). At the temperature ofthe experiments (25°C), the concentration of the co-substrate 02 can be considered as constant and equal to 0.2 mM (Hitchman, 1978 When the exponential term of eqns. (6) and (7) ralue of boundary layer existing at the enzyme membrane becomes negligible, the difference of product concenevel is equal to 280,m. The open circles (0) are the data tration in both compartments becomes constant and or the receptor compartment (I). The closed circles (') equal to:
are the data for the donor compartment (II). The broken (---) and continuous ( ) lines are obtained by using eqns. (6) and (7) respectively with the previous given parameters. ment II. Finally, by using eqns. (6) and (7) Thus PI,t -P1i,t depends on the geometry of the system, the membrane's resistance to the product, the unstirred layer's resistance to the product and the apparent bound enzyme activity. It must be pointed out that, if V11R8 p = ViRmp, PI,t would be equal to PII,t. So, to obtain a hyperconcentration effect of the product in the receptor compartment, V11R8p should always be greater than ViRm p: the greater the difference, the better the hyperconcentration effect.
The plots drawn in Fig (Dietschy, 1978) . In order to simulate these situations, we have developed a mathematical model and an experimental approach which have enabled us to explain and visualize a phenomenon which could not be obtained either with the enzyme free in solution in an anisotropic medium with non-identical physical properties.
As a matter of fact, transport systems are known to be substrate-specific and substrate-saturable; in addition, they may be inhibited and are genetically determined. The model developed here, with an enzyme bound on one side ofa membrane, adjacent to a large external compartment, porous to the product of reaction and developing in its immediate vicinity a high product level, can lead to a vectorial concentration pattern in a small and opposite internal compartment. This phenomenon appears similar to what could be expected with a carrier-mediated process. Such a hypothesis, compatible with the properties of transport systems, especially for group translocation, appears promising for sequential enzymes located on the two sides of the membrane.
